Long term climate data are vitally important in reliably assessing water resources and water related hazards, but in-situ observations are generally sparse in space and limited in time. Although there are several global datasets available as substitutes, there is a lack of comparative studies about their suitability in different parts of the world. In this study, to find out the reliable century-long climate dataset in South Korea, we first evaluate multi-decadal reanalyses (ERA-20 cm, ERA-20c, ERA-40 and NOAA 20th century reanalysis (20CR)) and gridded observations (CRUv3.23 and GPCCv7) for monthly mean precipitation and temperature. In the temporal and statistical comparisons, CRUv3.23 and GPCCv7 for precipitation and ERA-40 for temperature perform the best, and ERA-20c and 20CR also indicate meaningful agreements. For ERA-20 cm, it has only a statistical agreement, but the mean has the difficulty in representing its ensemble. This paper also shows that the applicability of each dataset may vary by region and all products should be locally adjusted before being applied in climate impact assessments. These findings not only help to fill in the knowledge gaps about these datasets in South Korea but also provide a useful guideline for the applicability of the global datasets in different parts of the world.
INTRODUCTION
To adapt and mitigate climate change, it is essential to ana- comparison between interpolated observations and reanalysis data with 3.75 × 2.5 , Donat et al. () showed that ERA-40 and ERA-interim had a better agreement than NCEP/NCAR reanalysis and JRA-25 for extreme temperature, and the reanalysis products for extreme precipitation performed with a low agreement but still correlated significantly. In the case of a national-scale evaluation, the performance over Iran was carried out by Raziei et al.
() by comparing GPCC Full Data Reanalysis Product
Version 3 (GPCCv3) and NCEP/NCAR precipitation dataset, which showed that GPCCv3 could complement the observations but NCEP/NCAR reanalysis had significant discrepancies before the 1970s. A recent study over China by Gao et al. () statistically evaluated ERA-20 cm, the latest ECMWF 20th-century reanalysis dataset. After comparing each ensemble at 0.5 × 0.5 grids for precipitation and temperature, it was concluded that generally all ensemble simulations were able to represent the real conditions on a comparable level. and 1973, respectively. The quality of the observations is strictly controlled by KMA. Detailed information on the location and data period of the stations is provided in Figure 1 and Table 1 .
Reanalysis data
ERA-20c is the first atmospheric 20th century reanalysis of the ECMWF. This dataset, covering 1900-2010, is produced by assimilating observations of surface pressure and surface marine winds only (Poli et al. ) . Considering the data availability and resolution of other datasets, we extracted total precipitation from the 24-hour accumulated forecasts and 2-m air temperature from 6-hourly analysis data with a 0.5 × 0.5 grid from January 1901 to December 2010 via the ECMWF web server. The products in South Korea were accumulated into monthly data and the values over the sea were excluded.
In addition to ERA-20c, the ECMWF also released ERA-20 cm data with a ten-member ensemble from January 1900 For this analysis, the seasonal/yearly total precipitation and mean temperature variables were derived from all the datasets. Every seasonal dataset was collected, i.e. for spring (March-May), summer (June-August), autumn (September-November), and winter (December-February).
In the case of r, considering the differences in coordinate and resolution between datasets (Figure 1 ), we 
where N is the number of grids used in calculation, w is the evaluated value from the data product in each station point, 
where x 1 , x 2 , x 3 , . . . , x n are the time series of length n, V(S)
is the variance of S, m is the number of tied groups, t i is the number of ties for the ith value, and Z follows a standard normal distribution (Xu et al. ) . The significance of trends is evaluated by comparing Z with the standard normal variate at the desired significance (Hamed & Rao ) . fectly in PDF, the skill score will be 1, which equals the sum of the probability. Otherwise, if the skill score is close to zero, it means that there is no common area between the model values and observations. In other words, the more overlapped the two curves, the closer to 1 this score is. The skill score is calculated as follows:
where n is the number of bins for the calculation, P m is the frequency of values in a given bin from a comparison target, and P 0 is the frequency values in a given bin from observations. In this study, the monthly variables were applied and the square root of 1 mm month -1 for precipitation and (Figure 2(b) ). For ERA-20c, ERA-40 and 20CR, they had partial similarity to the observation in the annual comparison, but only ERA-20c had the equivalent value with the observed (Figure 2(b) ). In other words, ERA-40 and 20CR were clearly underestimated.
RESULTS Precipitation

Interannual variability
Long term trend Table 3 dataset, the bias correction should be considered before using them. were higher than the observation's, while ERA-20c and ERA-40 were slightly smaller than the observed. In the case of ERA-20 cm mean, the slope showed less than half of the observation's.
Long term trend
The second analysis for the 20th century indicates the obvious increasing trends in all seasonal and annual simulations at 95% confidence level in Table 5 . The only difference between datasets is the intensity of the slopes.
As with the first analysis, the increasing magnitudes (β) of 20CR and CRUv3.23 were generally higher than those of the others. This result implies that the mean temperature in South Korea has obviously increased over the past 100 years. Figure 7 (a). In the case of 20CR, the PDF in Figure 7 (a) seemed to perform well, except for the underestimation of the range of below 0 C and partial discrepancies, but the seasonal PDFs implied that this result has been refined in the process of combining seasonal discrepancies (Figure 7(b) ). For instance, the second and third peaks of 20CR in spring represent the lower temperature than the real, but the PDF for winter shows warmer b Significant trend at the 0.10 significance level. β (trends for temperature) are in 10 -2 C/yr. 
Statistical comparability
